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为 1:5，催化剂磷钨酸和乙酰丙酸摩尔比为 1:25，反应温度 100 °C，反应时间为















协同作用的加热方式大大缩短了生成 DPA 所需要的反应时间。  
综上，本文以绿色催化剂磷钨酸及新型催化剂磷钨酸离子液体催化制备 DPA，
并采用超声-微波协同作用的方法来代替传统加热手段，使得反应时间缩小为 15 
































In recent years, biomass is considered to be  renewable resources in nature to 
replace the fossil resources for the production of fuels, chemicals. And levulinic acid 
(LA) is just one of the most important biomass derivatives. It is a significant pathway 
for the utilization of biomass through converting levulinic acid into diphenolic acid 
(DPA). According to the current research progress, a series of studies was carried out 
for the synthesis process of DPA in this dissertation, including the preparation of 
novel catalyst and new technology for heating. 
Firstly, tungstophosphoric acid was used as a catalyst for the synthesis of DPA 
 from levulinic acid and phenol, and it exhibited a good catalytic effect under the 
following reaction conditions: the molar ratio of LA and phenol was 1:5, the molar 
ratio of tungstophosphoric acid and LA was 1:25, 100 °C, 24 h. A DPA yield of 42.47% 
was achieved. 
Secondly, a novel catalyst was prepared from tungstophosphoric acid and ionic 
liquids, and it was characterized by Scanning electron microscopy (SEM), Fourier 
transform infraredspectroscopy(FT-IR), X-ray photoelectron spectroscopy(XPS), 
nuclear magnetic resonance（NMR）and thermogravimetry(TG). The assembled 
catalyst has been employed for synthesis of DPA from LA and the reaction 
parameters (such as molar ratio of levulinic acid and phenol，reaction temperature, 
reaction time and catalyst loading dosage) have been optimized. . The optimum 
conditions for synthesis of DPA from LA are: the molar ratio of LA and phenol was 
1:4, the molar ratio of catalyst and LA was 1:25, 100 °C, 24 h. the yield of DPA came 
up to 41.67%.. 
Eventually, microwave irradiation with the assistance of ultrasound was 
employed as a particular heating mean in the condensation of LA into DPA, and the 
influencing factor of microwave power and reaction temperature were explored. 















microwave irradiation with the assistance of ultrasound. 
Above all, tungstophosphoric acid and novel catalyst ([MIMPS]3PW12O40）were 
employed as green catalyst in the condensation of LA into DPA, a new heating 
method of microwave irradiation with the assistance of ultrasound was studied with a 
reaction time of 15 min. These findings provided some valuable information for 
further researches of DPA.  
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列具有高附加值和潜力的产品。2004 年，Werpy T 和 Petersen G[11]等从 300 多种
生物质化学品中选出 12 种典型的平台化学品，其分子结构式如表格 1.1 示。它
们主要是以生物质的五碳糖和六碳糖为原料，通过生物或者化学手段合成的，以
这 12 种平台化合物为原料又可相应的构建出精细化学品、药品、材料和燃料等。 
近来， Bozell J. J.和 Pertersen G. R. [26]针对现今生物炼制的生产加工状况及
科学研究结果提出了不同的看法并对美国能源部的报告进行了修订改进，他们认
为自 2004 年报告公布之后，科研人员围绕这 12 种平台化合物做了大量的研究工
作，而这些研究在某种程度上相当于对平台化合物的筛选过程，对一些化合物的
研究偏少在一定程度可以说明这些化合物不存在较大的优势。于是在美国能源部
报告的基础上，他们又提出了 9 条标准用于更准确评价平台化合物，见表格 1.2
所述。于是用以上标准筛选出的平台化合物，在科学研究的基础上又优化出了
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